Objective: To determine the influence of preoperative septic peritonitis (PSP) and stapled versus hand-sewn anastomoses on the dehiscence of intestinal resection and anastomosis (IRA). We hypothesized that the incidence of IRA dehiscence would be greater (1) when performed with PSP and (2) for hand-sewn anastomoses.
| I NT ROD UCTI ON
The anastomosis of enterectomies is associated with a relatively low risk of failure, ranging from 6.6% to 14.4% in dogs. [1] [2] [3] [4] [5] However, this complication results in considerable patient morbidity, mortality, and cost. Patient-related risk factors associated with intestinal resection and anastomosis (IRA) dehiscence have been reported to include preoperative septic peritonitis (PSP), preoperative hypoalbuminemia, foreign body obstruction as the indication for IRA, location of IRA, and intraoperative hypotension. 2, 3, [5] [6] [7] [8] These factors are important not only for their predictive value, but also to assist in client education regarding the individualized risk analysis of IRA in their pet.
Whereas patient-related risk factors are well-established, limited information has been published in veterinary medicine regarding risk factors related to the influence of anastomotic technique on IRA dehiscence. The two most commonly used techniques include hand-sewn end-to-end anastomosis and a stapled functional end-to-end anastomosis. 1 One study of 214 dogs found no difference in the incidence of dehiscence both anastomoses, but reported a shorter surgical time with stapled anastomoses. 4 Another recent study of 53 cases identified risk factors for dehiscence of stapled anastomoses, including the presence, duration, and number of intraoperative hypotensive periods, as well as colonic resection and anastomosis. 5 Human patients with surgical indications for IRA, such as emergency general surgery, septic peritonitis, ileocolic anastomoses, or anastomoses in trauma patients have been proposed to benefit from selective techniques. [9] [10] [11] [12] [13] [14] The application of similar evidencebased selective techniques in specific veterinary patients could reduce complications in companion animals.
The primary objectives of this study were to determine (1) the influence of PSP and (2) hand-sewn versus stapled anastomoses (with or without PSP) on the dehiscence of IRAs. We hypothesized that the incidence of dehiscence would be greater (1) when performed in the presence of PSP and (2) for hand-sewn anastomoses.
| M ATE RI ALS AN D ME THO DS

| Inclusion criteria
Medical records were searched for canine IRAs performed by ACVS board-certified surgeons or by ACVS residents-intraining at a single institution (Michigan State University Veterinary Teaching Hospital, East Lansing, Michigan) between December 2003 and December 2013. To be included in the study, dogs must have survived at least 72 hours beyond the conclusion of anesthesia. Medical records were reviewed for evidence of postoperative leakage. Data gathered from the medical record included: age, gender, neuter status, weight, presence of PSP, preoperative albumin concentration, IRA indication, IRA location, anastomotic technique (stapled vs hand-sewn), suture type, occurrence of postoperative dehiscence, time to postoperative dehiscence, duration of hospitalization, time to most recent documentation in the medical record that the patient was alive, and other postoperative complications.
The presence of PSP was diagnosed if at least one of the following criteria were documented: intracellular or extracellular bacteria on cytologic examination of abdominal fluid, positive abdominal fluid aerobic or anaerobic bacterial culture, identification of gross intestinal leakage at surgery, or evisceration or penetrating foreign body as the indication for IRA. Preoperative hypoalbuminemia was defined as a serum albumin concentration of <2.5 g/dL. Postoperative dehiscence was defined by the presence of intracellular or extracellular bacteria in abdominocentesis fluid (only after documented resolution of previously diagnosed intracellular or extracellular bacteria if present preoperatively) or visual confirmation of intestinal content leakage during revision surgery or autopsy. Postoperative abdominocentesis was only performed in patients in which there was a clinical suspicion of anastomotic dehiscence (ie, increased abdominal fluid production, lack of clinical improvement, declining patient stability, hypotension, etc).
| Statistical analysis
Univariate logistic regression and chi-square analysis were used for initial risk factor determination. Initial risk factors with P .3 were included in multivariate analysis to account for correlation between variables. Variables that had a P .3 in univariate analysis and therefore were included in multivariate analysis were: gender, presence of PSP, IRA location, surgical technique (stapled or hand-sewn), and linear foreign body as indication for IRA. The remainder of the recorded data was not significant in univariate analysis. Factors with P < .05 in multivariate analysis were considered statistically significant risk factors for dehiscence.
| R ES ULT S
Two hundred and ten IRA procedures in 198 dogs fulfilled the inclusion criteria; 11 dogs had multiple IRAs performed during their procedure (10 dogs had 2 IRAs and 1 dog had 3 IRAs).
| Signalment
Age (P 5 .37), gender (P 5 .23), neuter status (P 5 .81), and weight (P 5 .6) were not associated with dehiscence.
| Preoperative findings
Seventy-six dogs (76/198, 38.4%) had PSP. One hundred and forty-six dogs (146/198, 73.7%) had albumen levels measured prior to surgery. Of all dogs with an albumin level measured prior to surgery, 52.1% (76/146) were hypoalbuminemic. Only 60 of the 76 patients with PSP had an available albumin level prior to surgery; 44 of these 60 dogs (73.3%) with both PSP and a preoperative albumin available were hypoalbuminemic. Of the dogs without PSP that had albumin levels measured before surgery, only 40.7% (35/86) were hypoalbuminemic.
| Surgical findings
IRA indications included foreign body (77/198; 38.9%), neoplasia (44/198; 22.2%), intussusception (23/198; 11.6%), referral for dehiscence from prior intestinal surgery (25/198; 12.6%), or other (29/198; 14.6%). Other indications for IRA included penetrating trauma, obstructive adhesions, evisceration, perforated ulcer, lymphangectasia, mesenteric volvulus, peritoneo-pericardial diaphragmatic hernia, traumatic diaphragmatic hernia, eosinophilic enteritis, and pancreatic abscess. Stapled anastomoses included functional end-to-end anastomosis using one multifire gastrointestinal anastomosis stapler (GIA-50) combined with a multifire thoracoabdominal stapler (TA-55 or TA-90) (Covidien, Dublin, Ireland); specific staple cartridge types for each case were not recorded. There were 87 stapled IRAs (87/210) included in the study. All hand-sewn anastomoses were end-to-end anastomoses. Hand-sewn anastomoses were performed using one of the following suture types (suture type recorded for 110 anastomoses): 4-0 PDS (83), 3-0 PDS (24), 3-0 Monocryl (2), and 4-0 Monocryl (1) (Covidien, Dublin, Ireland). Suture pattern, however, was not recorded for each case. There were 123 hand-sewn IRAs (123/210) included in the study. A surgery resident was the primary surgeon in 81% of the stapled anastomoses and 72% of the hand-sewn anastomoses.
| Postoperative findings
The overall incidence of IRA dehiscence was 11.4% (24/ 210) of all IRAs performed, or 12.1% (24/198) of all dogs. The 24 dehiscences occurred in 24 different dogs and at 24 different sites of anastomosis. Two of these 24 dogs had had multiple IRAs performed; however, it had been documented in the medical record for each of these patients that only one of the IRAs had dehisced. The average time to dehiscence for these dogs was 4.7 days (range of 3-11 days). Seventyfour dogs in the study had an available follow-up time of less than 11 days. The incidence of IRA dehiscence when performed in the absence of PSP was 6.6% (8/122), whereas it was 21.1% (16/76) Furthermore, when all cases were included and not separated by the presence or absence of PSP, stapled anastomoses were less likely to dehisce as well (P 5 .02).
Risk factors for IRA dehiscence included PSP (P 5 .005; OR 5 3.8; CI 5 1.5-9.4) and anastomotic technique (P 5 .02; OR 5 3.3; CI 5 1.2-9.4). Patients with PSP were 3.8 times more likely to dehisce than patients without PSP. Overall, patients that had a hand-sewn anastomosis were 3.3 times more likely to dehisce than patients with a stapled anastomosis performed. Multivariate analysis was converging.
The mortality rate for dogs that had dehiscence was 66.7% (16/24). The average duration of hospitalization for dogs that survived to discharge was 4.3 days (range, 1-13 days). The median time of follow-up for dogs that survived to discharge (ie, time between surgery and last documented communication regarding the patient) was 13 days (range, 3-2415 days).
| D IS C US S I ON
The main findings of our study are that PSP and hand-sewn anastomotic technique were both risk factors for IRA dehiscence. We therefore accept our hypotheses that IRA dehiscence would be greater in dogs with PSP, as well as for hand-sewn IRAs.
Our study strengthens the evidence supporting the importance of PSP as a risk factor for IRA dehiscence. [2] [3] [4] [5] In a study of 115 cats and dogs, patients with PSP, a preoperative serum albumin concentration <2.5g/dL, a left shift prior to surgery, and dogs that had an IRA because of a foreign body were more likely to experience leakage of the anastomosis. 2 Grimes et al identified septic peritonitis, hypoalbuminemia, and intraoperative hypotension were risk factors, whereas IRA due to intestinal foreign bodies were less likely to leak. 3 In 2011, Jardel et al evaluated factors associated with poor outcome in cases with intestinal foreign body and found that linear foreign bodies were associated with a higher mortality rate. 1 More recently, Snowdon et al identified intraoperative hypotensive events and colonic anastomoses as associated with a higher incidence of dehiscence of stapled anastomoses, whereas the presence of a foreign body was not a risk factor for dehiscence. 5 In 2016, Duell et al did not find an association between the indication for IRA indication and dehiscence. 4 The current study supports Grimes et al, Snowdon et al, and Duell et al in that foreign body obstruction in general is not a risk factor for IRA dehiscence. [3] [4] [5] The influence of PSP on postoperative dehiscence of IRAs can be explained by the negative effect of this condition on wound healing. A study of rats undergoing colonic anastomosis in the presence of experimentally induced intra-abdominal sepsis found less collagen and more collagenase activity at the site of the anastomosis than in those performed without the presence of intraabdominal sepsis at the time of surgery. This study also showed that the expression of types I and III collagen genes were downregulated. 15 This study provides evidence that septic peritonitis decreases collagen synthesis and therefore wound strength of the anastomosis, which would explain a higher incidence of dehiscence in clinical cases. Previous studies have also identified preoperative hypoalbuminemia as a risk factor for dehiscence. It is difficult to assess whether preoperative hypoalbuminemia, defined by an albumin level <2.5 g/dL, plays a role independently from PSP since both conditions are often combined in the same patient. Albumin is a negative acute phase protein that is intrinsically lowered in cases of systemic inflammation, as commonly seen with PSP. Furthermore, albumin can leak from vessels in the peritoneum of dogs with PSP, due to increased permeability. About 73% of dogs with PSP and recorded preoperative albumin levels were diagnosed as hypoalbuminemic. In a previously publication, 100% of dogs with postoperative septic peritonitis were also hypoalbuminemic. 16 The authors agree that hypoalbuminemia and the presence of PSP are likely both risk factors; however, these factors are highly correlated, and this should be considered in future studies as a subject of statistical concern. Preoperative hypoalbuminemia was excluded from our multivariate statistical analysis for this reason, and therefore it was not independently evaluated. PSP was selected over preoperative hypoalbuminemia because of its encompassing nature regarding the clinical circumstance of the patient, as well as its lower P-value in the univariate analysis. Our study was also designed to investigate risk factors related to stapled versus hand-sewn IRAs. This objective was prompted by the need for evidence-based decision making in specific patient populations. Stapling techniques were supported based on the increased bursting strength and decreased inflammatory response 1-7 days after stapled linear colotomies over their sutured counterparts in health research dogs. 17 A recent study of 214 client-owned dogs treated with a stapled (72/214) or hand-sewn (142/214) IRA found no difference in the overall incidence of dehiscence between stapled and hand-sewn anastomoses (P 5 .389), 4 which partially differs from our results. In our study, we found an overall decrease in the risk of dehiscence with stapled anastomoses (P 5 .02), but there was no association between anastomotic technique and dehiscence when performed in the absence of PSP (stapled 4.2% vs hand-sewn 8.2%; P 5 .38). However, stapled anastomoses were less likely to dehisce in dogs with PSP (stapled 6.1% vs handsewn 27.9%; P 5 .015). Clinically, our results suggest that patients with PSP should be considered a unique surgical population in which functional end-to-end stapling may be preferred anastomotic technique. In contrast to previous studies, we specifically tested the impact of the closure technique at a single institution, potentially limiting variations in case management over multi-institutional studies. Several studies support the application of individualized intestinal anastomotic techniques in man. In humans undergoing emergency general surgery for IRA, stapled anastomoses were more than twice as likely to fail than hand-sewn anastomoses. 9 Others have suggested that stapled anastomoses are preferred in human patients undergoing general elective surgery. [10] [11] [12] [13] A study by Everett et al in 1986 and by Choy et al in 2011 reported that stapled anastomoses performed by novice surgeons and stapled ileocolic anastomoses, respectively, were less likely to dehisce than their handsewn counterparts. 12, 14 These recent human retrospective studies cannot be directly compared to ours for multiple reasons, including presence of septic peritonitis in our study. Nonetheless, they provide evidence to support that the technique selected for anastomosis could be tailored to the clinical characteristics of the patient to minimize complications. IRA is a procedure with indications and techniques that should not have a blanket protocol for every patient, but instead, should be tailored to match the patient's characteristics for the greatest success. Future prospective, large-scale studies in veterinary medicine are warranted to further investigate the application of selective anastomotic techniques. There are several limitations to the current study, primarily relating to its retrospective nature. The required timeframe for survival beyond the completion of anesthesia (ie, 72 hours) as an inclusion criteria could be controversial. However, the impetus and primary objective of this study was to identify the incidence of IRA dehiscence in dogs with or without PSP. This objective prompted the exclusion of cases of dehiscence within 72 hours of surgery, as early dehiscence could have resulted from inadequate surgical technique rather than the wound healing environment of PSP. The window most commonly reported for IRA dehiscence is 3-4 days (range, 2-7 days). 4, 5 Therefore, the authors felt that 72 hours was sufficient to allow (1) elimination of potential complications due to inadequate surgical technique, (2) significant improvement and/or documented resolution of PSP, and (3) the wound healing environment of PSP to have an effect on anastomotic healing. In addition, the retrospective nature of this study precludes the control of patient therapy or anastomotic technique, leading to potential selection biases. Intraoperative hypotension has been identified by Grimes et al and Snowdon et al as a risk factor for dehiscence. 4, 5 Monitoring this parameter in our study would therefore have been relevant. Furthermore, choice of anastomotic technique may have been biased based on the condition of the intestine at the time of surgery. Surgeons may have preferred the technique they felt more comfortable with in cases where intestinal segments appeared more compromised, because of their confidence. In this case, surgeons performing procedures that may have been at higher risk for failure may have had a selection bias toward a certain technique based on personal preference, condition of the bowel at the time of surgery, or previous anecdotal experience. Based on initial evaluation, we found no strong evidence of such selection bias, but this was not statistically evaluated. A bias in the incidence of dehiscence due to surgeon's experience is unlikely as residents performed a similar percentage of the procedures using either technique (81% of stapled anastomoses and 72% of handsewn anastomoses); however, surgeon's experience was not statistically evaluated in this study. There is evidence to support that novice surgeons adapt quickly to using stapling devices, 1 which theoretically could artificially lower the incidence of dehiscence for stapled anastomoses performed by residents. Furthermore, not all dogs are candidates for stapling devices. Therefore, our study may have a selection bias toward small dogs being treated with hand-sewn techniques, yet body weight was not associated with dehiscence in this study (P 5 .6). We also cannot eliminate the potential influence of suture type, suture pattern, and type of staple cartridge on dehiscence, as these varied between cases but were not evaluated statistically. The investigation of postoperative dehiscence was performed because of clinical suspicion. Monitoring for postoperative dehiscence during the study period was not standardized, and the presence of subclinical postoperative dehiscence could have been overlooked in some patients. Follow-up was not standardized and it is possible that dehiscence may have been missed in patients with short follow-ups, if the surgeon was not notified, or if this was not recorded in the medical record. Lastly, type two statistical error may have affected our evaluation of the anastomotic technique on the incidence of dehiscence. Larger, controlled, prospective studies are warranted to further assess the benefit of anastomotic technique on the success of IRA in selected patient populations.
In conclusion, this study confirms the association between PSP and dehiscence after IRA. In addition, our results provide evidence that stapled anastomoses may be less likely to dehisce than hand-sewn anastomoses, especially significantly in dogs undergoing IRA with the presence of PSP.
